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(54) Diaphragm pump. 

(57) A diaphragm pump comprising a pump cham- 
ber (15) one wall of which includes a movable 
diaphragm (14), inlet and outlet passages (16, 
18) communicating with the pump chamber (15) 
for conveying liquid to and from the chamber 
(15) and incorporating respective non-return 
means (17, 19) and a bleed system (66). 
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This invention relates to a diaphragm pump par- 
ticularly, but not exclusively, of the kind intended to be 

e^mSp b a y in C t 0mPreSSed *' ^ * P ™> *' 

A conventional diaphragm pump includes a hous- « 
ing defining a pump chamber one wall of which is con- 
stituted by a diaphragm. The pump chamber has inlet 
and outlet passages both incorporating non-return 
valves and a diaphragm drive mechanism conve- 
nientiy powered by compressed air, drives the dia- 10 
Phragm in one direction to reduce the volume of the 

chZh a0d thUS expel ,iauid from pump 

chamber through the outlet passage, and thereafter 

szr di f phra9m in the opp °^ te d -ction t:: 

crease the volume of the pump chamber thus drawing „ 
-qu d from a su P p.y into the pump chamber through 
the inlet passage. y 

a sinlS k n n0W " *° C ° mbine dia P" ra 9m Pumps into 
a single pump.ng apparatus, the two diaphragms be- 
ing operated by the same drive mechanism so that 20 

the oZ TT m iS Perf ° rmin9 3 Pumpi "9 «™S 
Both h k aPhra9m iS P erformin 9 an inlet stroke. 
Both diaphragm pumps can be used to supply the 
same demand system but even though the pumps are 

operatingl^outofphasethereisstillnevertheles; 25 
a 1 s.gnrf.cant pressure fluctuation within the supply to 
the demand system. Moreover, when no supply is re- 
quired by the demand system and the pump is s«,l op- 
erabng then a point is reached at which the pressure 
nthepumpchamberbalancestheforcegeneratedby so 
n a Z 9 ^" 6 meCha " iSm and the P" m P ^alls 
Ihlh T ° n the PrGSSUre of ^ in »• P^p 
SST'I ^ 00,161 passa 9 e ' a " d 'n*econduitelead- 
mg to the demand system, is relatively high and when 
he demand system subsequently requires a supply 35 

W t hr h h 6 \ T iVB>y Unco "™'° d ^e arisTng" 
from the high stall pressure. Where, for examp.e, the 
demand system is a paint spraying apparatus then in 

as TbLr T T e Sta " PreSS ° re COU,d be as — h 
Z it ♦ ? V6 , the ' ntended Spravin 9 P fess "« and 40 
the resultant sudden high pressure surge at the com- 
mencement of . sprayjng ^ 

disadvantageous spray effects. There is a known 
form of d.aphragm pump where a relatively complex 

elTjT l09,C V3,Ve arran9ement Contra ^" « 
erabon of the pump. The logic valve arrangement 

SZZET,**™ *° PUmP °P-atin g Tch 
amsm and controls reversal of the stroke of the pump 

"Z7 7? thereWith - SuCh Pumps avoid 
«nn Jl? " Whe " "° Pump ou, P ut is demanded 50 
menS d ° sufferfrom *e Pressure surge problem 
mentioned above. However this is achieved at the 

cost of the complex and expensive logic valve assem- 
bly and also at the penalty that the stroke rate of Z 

coZ; S r WCted - NatUra " y the maximum s *°ke rate 55 
controls the maximum output/unit time and this is of 
•mportance where, for example, the pump is used as 
a transfer pump. Apump with logic valve control might 



achieve about 1 7 litres/minute when transferring wa- 
ter at a low pressure head whereas an equivalent 
sized pump under the same conditions tut withou 
logic valve control could be expected to achieve at 
least three times this output rate. It is an object of the 
present invention to provide a diaphragm pump 
wherein the aforementioned disadvantages of b*h 
the conventional and the logic valve controlled dia- 
phragm pumps are minimised. 

vent!l^° rdanCeWithafirStaSpec,ofthe P rese n''n- 
venhon there ,s provided a diaphragm pump compris- 
ing a pump chamber one wall of which includes a mov- 
ab e diaphragm, inlet and outlet passages communi- 
cating with the pump chamberfor conveying liquid to 
and from the chamber and incorporating respective 

ino wTfH mea " S a " d - 3 D ' eed System communicat- 
ing with the pump chamber. 

Preferably, the bleed system provides a path for 
a control.ed bleed of liquid from the pump chamber^ 

fm m t °. nVenienHy Said bleed system P rovid es a path 
from the pump chamber side of the inlet non-return 
means o the inlet side of the in.e, non-return means 

r*,th r V Said Weed System P rovide s a Weed 
path through said inlet non-return means in the non- 
return direction. 

Preferably said inlet non-return means comprises 
a valve element engagable with a valve seat to pre- 
vent return flow from the pump chamber to the inlet 
and said bleed system inciudes one or more grooves 
|nsaKlsea»toprovideab.eed path pastsaid valve ele! 

Alternatively said bleed path is external of said 
non-return means. 

Dri^f" 3 *' 6 !* dia P hra 9m Pump further com- 
prises a second pump chamber, one wall of which in- 
cludes a moveable diaphragm, means for moving\h e 
diaphragm such that, in use. the diaphragms are ? £ 

,n,et and Passages communicat- 
ing with the second pump chamberfor conveying ho- 
stel 3 ^ ,r ° m ^ Chamber a " d incorporating 1 
spective non-return means, and wherein the bleed 

means to the pump chamber side thereof, the bleed 
patin preferably passing through the outiet non-re^ 
means in the non-return direction 

The outlet non-return means preferably compris- 
es a valve element engagable with a valve seat to prl 

sv^ X h° W int ° the PUmp Chamber ' ^ S 
system mcludmg one or more grooves in said seat to 
provide a bleed path past said valve element 

nn-H. ? rab,y ' the m6ans form oving the diaphragms 
ngidly interconnects the diaphragms 

The invention will further be described, by way of 
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Figure 1 is a diagrammatic representation of a 
diaphragm pump. 

Figure 2 is an enlarged, part sectional, view of 
part of the pump illustrated in Figure 1 , 
Figure 3 is an enlargement of part of Figure 2, 
Figure 4 is a plan view of a valve seat seen in sec- 
tion in Figures 2 and 3, 

Figure 5 is a diagrammatic representation, similar 
to that of Figure 1 , of an alternative diaphragm 
pump, and 

Figure 6 is a diagrammatic representation of a 

further alternative diaphragm pump. 

Referring first to Figure 1 of the drawings, the ba- 
sic construction and operation of the diaphragm pump 
will be described with reference to the diagrammatic 
representation of the pump. 

The diaphragm pump includes an elongate body 
1 1 assembled from a plurality of metal casings and de- 
fining a central drive housing 12 positioned between 
similar, but oppositely directed, pump housings 13. 
The pump housings 13 are each divided internally by 
a respective diagram 14 to produce a respective 
pump chamber 1 5 one wall of which is defined by the 
respective diaphragm 14 and a pressure chamber at 
the opposite side of the diaphragm. Each pump cham- 
ber 1 5 has an inlet 1 6 and an outlet 1 8 each containing 
a respective non-return valve 17, 19. The inlets 16 are 
in use connected to a supply of liquid to be pumped, 
for example paint, and the outlets 18 are connected 
to a demand system, for example a single output line 
supplying liquid pumped by the diaphragm pump to a 
spraying mechanism. 

The drive housing 12 defines a cylinder 21 within 
which a unitary piston assembly 22 is longitudinally 
reciprocable. The piston assembly 22 comprises an 
elongate spindle 23 having integrally formed thereon 
first and second spaced, parallel piston discs 24, 25. 
The discs 24, 25 carry seals 26 at their outer periph- 
ery, the seals 26 sealing the sliding interface of the 
discs 24, 25 and the cylinder 21. The spindle 23 pro- 
jects, at its opposite axial ends, into the pump hous- 
ings 1 3 and is connected at its opposite ends respec- 
tively to the diaphragms 14. Seals 27 seal the sliding 
interface of the spindle 23 and the pump housings 
such that the piston assembly 22 and the cylinder 21 
define three annular chambers 28, 29, and 31, the 
chamber 28 being defined between the piston discs 
24, 25 and thus being of constant volume, and the 
chambers 29 and 31 being defined between the disc 
24 and the left-hand pump housing 1 3 and the disc 25 
and the right-hand pump housing 1 3 respectively, and 
thus being of variable volume dependent upon the 
position of the piston assembly 22 axially within the 
cylinder 21. 

Associated with the body 11 is a pilot valve 32 
comprising a housing 33 defining a cylinder 34 within 
which a shuttle 35 is longitudinally reciprocable. The 
shuttle 35 includes a central rod 36 having integral 
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discs 37, 38 at its opposite axial ends respectively the 
discs 37, 38 being in sealed, sliding contact with the 
wall of the cylinder 34. The gap between the mutually 
presented faces of the discs 37, 38 is slightly greater 

5 than half the axial length of the cylinder 34 and at the 
mid-point of its length the housing 33 includes an inlet 
port 39 for receiving air under pressure to drive the 
diaphragm pump. By virtue of the spacing between 
the discs 37, 38, the port 39 remains open to the 

10 space defined by the discs throughout the whole 
range of movement of the shuttle 35. The opposite ax- 
tat end walls of the cylinder 34 define abutments lim- 
iting the movement of the shuttle 35 and the end walls 
are formed with respective pilot ports 41, 42 respec- 
ts lively. Spaced from the end walls of the cylinder 34 by 
an amount slightly greater than the axial thickness of 
the discs 37, 38 are first and second compressed air 
outlet ports 43, 44 respectively. It will be recognised 
that by virtue of the length of the shuttle 35 in relation 

20 to the positioning of the ports 43, 44 then in the ex- 
treme left-hand position of the shuttle 35 the port 39 
communicates with the port 43 whereas in the ex- 
treme right-hand position of the shuttle the port 39 
communicates with the port 44. 

25 For convenience, in Figure 1 , the left-hand pump 

housing and the parts associated therewith are indi- 
cated by the suffix a whereas the equivalent parts in 
the right-hand pump housing are indicated by the suf- 
fix b. As mentioned above within each pump housing 

30 13 there is defined, at the opposite side of the respec- 
tive diaphragm 14 from each pump chamber 15, a 
pressure chamber 45. A port 46a in the wall of the 
chamber 45a is connected through appropriate piping 
to the port 44 of the pilot valve 32 and a similar port 

35 46b in the wall of the chamber 45b is similarly con- 
nected to the port 43 of the pilot valve 32. At the mid- 
point of its length the cylinder 21 has an exhaust port 
47 connected to atmosphere. A port 48 in the wall of 
the chamber 21 adjacent the pump housing 13a is 

40 connected by a pipe 49 to the pressure chamber 45b 
and a port 51 in the wall of the cylinder 21 adjacent 
the pump housing 13b is similarly connected through 
a pipe 52 to the pressure chamber 45a. Two further 
ports 53. 54 are provided in the wall of the cylinder 21 , 

45 the ports 53, 54 being spaced equally on opposite 
sides of the mid-point of the cylinder 21 and having a 
total spacing slightly less than the spacing between 
the discs 24, 25 of the piston assembly 22. The ports 
53, 54 are connected respectively, by appropriate 

so pipes, to the pilot ports 41 , 42 of the pilot valve 32. 

The basic operation of the diaphragm pump is as 
follows. The port 39 of the pilot valve 32 is connected 
to a source of compressed air, the inlets 16a, 16b are 
connected to a supply of liquid, for example by being 

55 connected through a common supply pipe to a reser- 
voir, and the outlets 18a, 18b are connected to a de- 
mand system, for example a liquid spraying system. 
Assuming the parts to be in the positions shown in 

3 
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Figure 1 then compressed air is being supplied by way 
of the inlet port 39 and outlet port 43 of the valve 32 
to the pressure chamber 45b. and by virtue of the pipe 
49 to the lef thand side of the piston disc 24. The pres- 
sure chamber 45a, and by virtue of the pipe 52 and 5 
the port 51 , the right-hand side of the piston disc 25, 
are connected by way of the port 46a, the appropriate 
pipe, the port 44, the pilot port 42, the port 54, and the 
exhaust port 47 to atmosphere. Thus the pressure 
chamber 45a and the right-hand side of the piston 25 w 
are vented, and the pressure applied to the chamber 
45b and the left-hand side of the piston disc 24 drives 
the piston assembly 22 to the right in Figure 1 thus dis- 
torting the diaphragm 14a to increase the volume of 
the pump chamber 1 5a and draw liquid through the in- , 5 
let 16a, and simultaneously to oppositely distort the 
diaphragm 140b so as to reduce the volume of the 
pump chamber 15b expelling liquid from the chamber 
15b through the outlet 18b. The effect of the non-re- 
turn valve 17b is to cause the liquid displaced by re- 20 
ducing the volume of the chamber 1 5b to pass through 
the outlet 18b, and similarly the non-return valve 19a 
is preventing liquid being drawn back through the out- 
let 18a and thus ensuring that liquid is drawn into the 
chamber 1 5a through the inlet 1 6a. 25 

The piston assembly 22 continues to move to the 
right until the piston disc 24 has moved beyond the 
port 53 whereupon the port 53 is exposed to the com- 
pressed air being applied to the left-hand side of the 
piston disc 24. As mentioned previously port 53 is 30 
connected to port 41 of valve 32 and thus when port 

53 is exposed to compressed air the air pressure is 
applied to the left-hand side of the shuttle 35, and 
since the right-hand side of the shuttle 35 is still con- 
nected to atmosphere by way of the port 42 the port 35 

54 and the port 47 then the shuttle 35 is driven rapidly 
from its left-hand position (as shown in Figure 1) to its 
extreme right-hand position where the disc 35 abuts 
the right-hand end of the cylinder 34. In the extreme 
right-hand position of the shuttle 35 the port 39 is con- 40 
nected to the port 44 and thus compressed air from 
the inlet port 39 of the valve 32 is now applied via the 
port 44 and the port 46a to the pressure chamber 45a 
and by way of the pipe 52 and port 51 to the right-hand 
side of the piston disc 25. In moving to its extreme 45 
right-hand position the shuttle 35 provides a volume 
into which air under pressure in the chamber 45b can 
expand so reducing its pressure. Thus the piston as- 
sembly 22 and diaphragms 14 are driven in the oppo- 
site direction so that liquid is pumped from the pump so 
chamber 15a and drawn into the pump chamber 15b. 

The initial movement of the disc 26 re-establish- 
ing connection between ports 53 and 47 so that cham- 
ber 45b vents to atmosphere. The left-hand stroke of 
the piston assembly 22 continues until the piston disc 55 
25 moves to the left beyond the port 54 thus placing 
the ports 54 and 51 in communication through the 
chamber 31 and applying compressed air through the 



port 54 and the port 42 to the right-hand side of the 
shuttle 35. As the left-hand side of the shuttle 35 is 
vented to atmosphere through the port 41 , the port 53 
and the exhaust port 47 the shuttle 35 is driven rapidly 
to its extreme left-hand position re-establishing the 
supply of compressed air to the pressure chamber 
45b and the left-hand side of the piston disc 24 re- 
ducing the pressure in chamber 45b and thus driving 
the ptston assembly 22 and the diaphragms 14 to the 
right. Thereafter the cycle repeats while compressed 
air is supplied to the port 39. 

Although both pump chambers 15 supply the 
same demand system and at any given time one 
pump chamber is pumping while the other is perform- 
ing an inlet stroke, there is nevertheless still a signif- 
icant pressure fluctuation in the pump outlet line 
Moreover, if the demand system ceases to require a 
supply from the pump then a point will be reached at 
which no liquid can be discharged through the outlet 
1 8a or 18b and thus the pump will stall. In the stall con- 
dition the liquid is subjected to a pressure dependent 
upon the compressed air pressure and thus a signif- 
icant surge of liquid can occur when the demand sys- 
tem next requires liquid. In the case of a paint spray- 
ing system this surge can give rise to extremely un- 
desirable spraying conditions occurring at the point 
when spraying recommences. Moreover, the pres- 
sure fluctuations during normal operation can also 
give rise to disadvantageous spraying effects. It has 
previously been proposed to overcome the pressure 
fluctuation problem by means of a pressurised reser- 
voir (surge chamber) connected to the outlet line fed 
by both outlets 18a, 18b, the pressurised reservoir 
acting to smooth the pressure fluctuations in the out- 
put hne. It has also been proposed to use a pressure 
regulator to try to minimise the surge effect following 
a stall condition. Both prior proposals are effective 
but are expensive to put into effect by virtue of the 
cost of additional components. 

Figures 2, 3. and 4 illustrate a modification of the 
diaphragm pump arrangement described above 
which minimises the problems in a simple and conve- 
nient manner. 

In Figure 2 only one of the pump housings is 
shown in section, and it can be seen that the body in- 
cludes an inlet conduit 60 and an outlet conduit 70 to 
which the inlets 1 6a. 1 6b and the outlets 1 8a 1 8b are 
connected respectively. Each inlet non-return valve 
17a, 17b is arranged to permit a controlled bleed in 
the non-return direction. In effect therefore each inlet 
non-return valve is inefficient in a controlled manner 
It can be seen (best in Figures 3 and 4) that each non- 
return valve 17 comprises a valve seat 61 received in 
screw threaded engagement in an inlet passage 62 of 
the respective pump housing. Each seat 61 has a 
frusto-conical seat surface 63 against which a ball 64 
formed from steel, nylon, or other suitable material' 
abuts to close the valve. Inlet flow through the valve 
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lifts the ball 54 away from the seat surface 63 and a 
transverse pin 65 in the passage 62 restricts move- 
ment of the ball 64 along the passage 62. The ball 64 
is driven against the seat surface 63 by any attempt 
to induce a return flow and thus the valve acts as a 
normal non-return valve. However, as is apparent 
from Figure 4 the seat surface 63 is formed with three 
equi-angularly spaced grooves 66 of V-shaped cross- 
section which cannot be closed by the ball 64 and thus 
provide a controlled bleed through the non-return 
valve between the ball 64 and the seat surface 63. 
It will be recognised that when a pumping stroke is be- 
ing performed a small proportion of the pump stroke 
output bleeds back through the grooves 66 into the in- 
let conduit 60, the remainder of the output of course 
exiting the pump chamber through the outlet passage 
18. The controlled bleed through the inlet non-return 
valve ensures that the pump can never stall since 
even though a situation may arise in which no liquid 
can pass through the respective outlet passage 18, 
nevertheless liquid can be pumped through the bleed 
passages 66 and thus the pump will continue to oper- 
ate at a relatively slow stroke rate. The controlled 
bleed therefore greatly minimises the disadvanta- 
geous surge effect which can occur with the conven- 
tional pump upon removal of a stall condition. More- 
over, the controlled bleed from each pump chamber 
acts to smooth the pressure fluctuations in the output 
of the pump thereby minimising, or in most cases re- 
moving, the need for a pressurised reservoir in the 
output line. 

It will be recognised that while it is desirable to 
provide the bleed passage within the inlet non-return 
valve structure it is not essential to do this. As an al- 
ternative the wall of each pump housing 13 could be 
drilled to provide a bleed passage between the up- 
stream and downstream sides of the inlet non-return 
valve. As a further alternative an external bleed con- 
duit could be provided with an interchangeable, or 
even a variable, restrictor so that the bleed effect can 
be adjusted to suit different applications. 

In the embodiments illustrated in Figures 2, 3, and 
4 the swept volume of each pump chamber 1 5 is of the 
order of 1.1 litres and the operating air pressure can 
be between 10 and 90 psi, conveniently 45 psi. Each 
inlet non-return valve seat is of 12 mm diameter at its 
narrowest point and the three equi-angularly spaced 
bleed grooves 66 are each of 90° V-shaped cross- 
section and 1 .5 mm deep at their apex. 

The structure of the diaphragm pump illustrated 
in Figure 5 differs from that of Figure 1 primarily in the 
provision of an additional port 61 in the wall of the cy- 
linder 21, the port 61 being positioned axially midway 
between the ports 53 and 54, and thus being posi- 
tioned axially of the cylinder 21 in the same position 
as the exhaust port 47. The spacing between the 
flanges 24 and 25 of the piston assembly 22 and the 
relative positioning of the ports 53 and 54 in the wall 
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of the cylinder 21 also differs by comparison with the 
arrangement of Figure 1. 

The pilot valve differs significantly from the pilot 
valve of Figure 1 and so it, together with its connec- 

5 tions to the ports of the diaphragm pump carry differ- 
ent reference numerals herein. 

The pilot valve 62 comprises a housing 63 defin- 
ing a cylinder 64 within which a shuttle 65 is longitu- 
dinally reciprocable. The shuttle 65 includes a central 

10 rod 66 carrying four integral discs 67, 68. 69, 71 . The 
discs are parallel to one another and have their outer 
periphery in sealed sliding engagement with the wall 
of the cylinder 64, there being f O' ring seals at the 
sliding interface. The axially outermost discs 67, 71 

15 are positioned axially inset from their respective ends 
of the rod 66 and the four discs are equi-distantly 
spaced along the rod 66. Within the cylinder 64 there- 
fore the spool 65 defines five axially spaced cham- 
bers 72-76 the central three of which are of fixed vol- 

20 ume, and the opposite end ones of which are of vari- 
able volume dependent upon the position of the spool 
within the cylinder. 

The wall of the housing 63 is formed with a plur- 
ality of axially spaced ports. A first port 77 is post- 
25 tioned midway along the length of the cylinder 64 and 
is connected to a source of compressed air for provid- 
ing power to the diaphragm pump. Six further ports 
78, 79, 81, 82, 83, and 84 are spaced along the length 
of the cylinder and are connected by respective pipes 

30 (to be described in more detail hereinafter) to appro- 
priate ports of the diaphragm pump. 

The port 78 is positioned at one axial end of the 
cylinder 64 and always communicates with the cham- 
ber 72 regardless of the position of the spool. The port 

35 78 communicates, by way of a pipe 78a with the port 
53 of the body 1 2. The port 84 is at the opposite axial 
end of the cylinder 64 and always communicates with 
the chamber 76 regardless of the position of the spool 
65. The port 84 is connected by way of a respective 

40 pipe 84a to the port 54 of the body 12. The ports 81 
and 82 of the housing 63 are axially spaced equi- 
distantly on opposite sides of the port 77 and are con- 
nected respectively to the ports 46b and 46a of the 
pump pressure chambers 45b and 45a by way of re- 

45 spective pipes 81a and 82a. The port 79 is positioned 
between the ports 78 and 81 and is closer to the port 

81 than to the port 78. Similarly the port 83 is posi- 
tioned between the ports 82 and 84 closer to the port 

82 than to the port 84. Irrespective of the position of 
50 the spool 65 within the cylinder 64 the port 79 always 

communicates with the chamber 73 and the port 83 
always communicates with the chamber 75. Pipes 
79a and 83a connected to the ports 79 and 83 respec- 
tively communicate with a single pipe 61a connected 
55 to the port 61 of the body 12. In a modification the 
ports 79, 83 are vented directly to atmosphere by way 
of pipe 61a. 

With the parts in the position shown in Figure 5 

5 
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compressed air is supplied by way of the port 77, the 
chamber 74, the port 81, the pipe 81a, and the port 
46b to the pressure chamber 45b. Simultaneously by 
virtue of the pipe 49 pressure is applied through the 
port 48 of the body 1 2 to the chamber 29. Thus the pis- s 
ton 22 has been driven to the right so that the dia- 
phragm 14b has performed a pumping stroke. At the 
same time the chambers 73 and 75 of the pilot valve 
62 are vented to atmosphere through the ports 79 and 
83, the pipes 79a, 83a, 61 a, the port 61 , the chamber 10 
28, and the port 47 of the body 12. Venting of the 
chamber 73 to atmosphere has no immediate effect 
since in the extreme left hand position of the spool 65 
no other port communicates with the chamber 73. 
However, it can be seen that in this position of the 15 
spool 65 the port 82 is also in communication with the 
chamber 75 and thus the pressure chamber 45a is 
also vented to atmosphere by way of the pipe 82a and 
the chamber 75 and the chamber 31 of the body12 is 
also vented to atmosphere by virtue of the port 51 , the 20 
pipe 52 and the pump chamber 45a. As is apparent 
from Figure 5 the extreme right hand position of the 
piston 22 places the port 54 in communication with the 
chamber 28 and thus the chamber 76 of the housing 
63 is also vented to atmosphere by way of the pipe 25 
84a and the port 54. However, simultaneously the 
chamber 72 of the housing 63 communicates with the 
chamber 29 of the body 12 by way of the port 78, the 
pipe 78a, and the port 53 so that air under pressure 
is applied to the chamber 72. Since the chamber 72 30 
is connected to the source of compressed air and the 
chamber 76 is vented to atmosphere, the spool 65 is 
driven rapidly to the right until it abuts the right hand 
end of the housing 63. In the extreme right hand pos- 
ition of the spool 65 the inlet port 77 still communi- 35 
cates with the chamber 74 but the disc 68 lies to the 
right of the port 81 and the disc 69 lies to the right of 
the port 82. Thus the port 81 is no longer connected 
to the source of compressed air and the port 82 is no 
longer vented to atmosphere. Instead the port 82 is 40 
connected to the source of compressed air and the 
port 81 is vented to atmosphere by way of the cham- 
ber 73, the port 79, the pipe 79a, the pipe 61a, the port 
61, the chamber 28, and the port 47. 

It can be seen therefore that immediately the 45 
spool 65 moves to its right hand position the pressure 
chamber 45b and the chamber 29 of the body 12 are 
vented to atmosphere and compressed air is simulta- 
neously applied to the pressure chamber 45a and the 
chamber 31 thus driving the piston 22 and the dia- 50 
phragms 14 to the left and causing a pumping stroke 
to be performed by the diaphragm 14a expelling liquid 
from the chamber 15a by way of the outlet 18a. The 
chamber 15b performs an induction stroke drawing 
liquid through the inlet 16b. The associated move- 55 
ment of the piston 22, as it approaches the end of the 
pumping stroke of the diaphragm 14a, involves move- 
ment of the disc 25 to break the connection between 



the port 54 and the chamber 28 and expose the port 
54 to the chamber 31 whilst simultaneously the disc 
24 breaks the communication between the port 53 
and the chamber 29 and establishes communication 
between the port 53 and the chamber 28. It will be un- 
derstood that in consequence of the movement of the 
piston 22 to the left the pressure supply to the cham- 
ber 76 of the housing 63 is re-established simultane- 
ously with venting of the chamber 72 to atmosphere. 
The spool 65 is thus driven rapidly to the left so that 
the pressure supply to the chamber 29 and the pres- 
sure chamber 45b is re-established at the same time 
that the pressure chamber 45a and the chamber 31 
are vented to atmosphere so that a return stroke of the 
piston 22 occurs. 

The cycle of operation will repeat as described 
above provided that the port 77 receives a supply of 
compressed air and the port 47 is vented to atmos- 
phere. 

The arrangement described above effects rapid, 
and positive control over the pressurising and venting 
of the chambers of the diaphragm pump and it is be- 
lieved that in many applications the arrangement de- 
scribed above may provide a greater pump efficiency 
than the arrangement illustrated in Figure 1, albeit at 
the expense of slightly greater complexity. 

The drive mechanism for the embodiment shown 
in Figure 6 differs from both of the previously descri- 
bed embodiments. The diaphragm pump includes an 
elongate, generally cylindrical body 90 defining a 
drive housing 91, and including a pair of pump hous- 
ings 92a, 92b, one provided at each end of the body 
90. The pump housings 92a, 92b are identical to those 
described with reference to Figures 1 to 4, and so will 
not be further described. 

The drive housing 91 defines a cylindrical cham- 
ber 93 within which a unitary piston 94 is reciprocable. 
The piston 94 comprises a spindle of diameter slightly 
smaller than the internal diameter of the chamber 93, 
and is provided with three annular recesses spaced 
along the length of the spindle such that the combin- 
ation of the spindle and the drive housing 91 defines 
three chambers 95a, 95b, 95c. The volume of each of 
the chambers 95a, 95b, 95c is fixed, the only cham- 
bers whose volume can be varied being the pressure 
chambers 45a, 45b of the pump housings 92a, 92b. 
The piston 94 is provided with 'O' rings 96 located oTi 
the lands between the recesses 95 to provide sliding 
seals between the piston 94 and the drive housing 91. 

A pilot valve 100 is associated with the body 90, 
and comprises a generally cylindrical body 101 which 
defines a generally cylindrical chamber 102. Ashuttle 
1 03 is longitudinally reciprocable within the cylindrical 
chamber 102 and is in the form of a rod 104 provided 
with four axially spaced flanges 105. Each of the 
flanges 105 carries an 'O' ring 106 providing a sliding 
seal between the shuttle 103 and the body 101. The 
four flanges 105 divide the chamber 102 into five 
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chambers 107a, 107b, 107c, 107d, 107e. 

Pressurized air is supplied to thecentre of the pi- 
lot valve 100 through an inlet 108. The length of the. 
rod 104, and the spacing of the flanges 105 is such 
that throughout the movement of the shuttle the inlet 5 
108 communicates with the centre chamber 107c of 
the pilot valve 100. With the pilot valve 100 in the pos- 
ition shown in Figure 6, the centre chamber 1 07c com- 
municates with the left hand pressure chamber 45a 
through an outlet 1 09 and a pipe 1 1 0. The pressurized 10 
air supplied to the left hand pressure chamber 45a 
causes the piston 94 to move towards the left as 
shown in Figure 6, the right hand pressure chamber 
45b, which is the only other chamber of the elongate 
body 90 whose volume is not fixed, being exhausted 15 
to the atmosphere through pipes 111, 113b, the fourth 
chamber 107d of the pilot valve 100, and the central 
chamber 95b of the drive housing 91 . 

Pressurized air is also supplied to the first and 
third chambers 95a, 95p of the drive housing 91 20 
through pipes 112a, 112b. With the piston 94 in the 
position shown in Figure 6, the third chamber 95c of 
the drive housing also communicates with the first, 
left hand, chamber 1 07a of the pilot valve 1 00 through 
pipe 114, the pressurized air causing the shuttle 103 25 
to move to the extreme right hand position within the 
chamber 102. 

The movement of the shuttle 103 results in the 
pressurized air being supplied to the right hand pres- 
sure chamber 45b through pipe 111, the left hand 30 
pressure chamber 45a being exhausted through 
pipes 110, 113a, the second chamber 107b of the pilot 
valve 100 and the central chamber 95b of the drive 
housing 91. It will be understood that, as the piston 94 
moves to the right, the communication between the 35 
third chamber 95c of the drive housing 91 and the f irst 
chamber 107aof the pilot valve 100 will be broken, the 
first chamber 107a of the pilot valve 100 then being 
vented through the centra! chamber 95b of the drive 
housing 91. Eventually, the piston 94 will move suffi- 40 
ciently far to the right that the first chamber 95a of the 
drive housing 91 communicates with the fifth, right 
hand, chamber 107e of the pilot valve 100 through 
pipe 115, resulting in the shuttle 103 being moved to 
the left and returning back to the position shown in 45 
Figure 6. 

The movement of the shuttle 103 to the left caus- 
es the left hand pressure chamber 45a to become 
pressurized, the right hand pressure chamber 45b be- 
ing exhausted as before, and resulting in the piston 94 50 
moving to the left until it takes up the position shown 
in Figure 6 as hereinbefore described. 

The above cycle is repeated continuously until 
the pressurized air supply is turned off. The pump 
chambers include any of the bleed systems described 55 
above so that when there is no demand for pump out- 
put, paint supplied to the pump chamber can return 
back to the inlet side of the inlet valves, so preventing . 



stalling. 

When the pump is not operated for some time, the 
shuttle 103 may move away from one of the ends of 
the chamber 102 of the pilot valve 100, for example 
due to slight vibrations of the pump, and take up a pos- 
ition in which the central chamber 107c communi- 
cates with both pressure chambers 45a, 45b of the 
diaphragm pump, or one in which it does not commu- 
nicate with either of the pressure chambers 45a, 45b. 
Which of these two alternatives occurs is dependant 
upon the spacing of the flanges 1 05 of the shuttle 1 03. 

If the piston 94 is also in the position in which both 
the first and fifth chambers 107a, 107e of the pilot 
valve 100 communicate with the centre chamber 95b 
of the drive housing 91 , the diaphragm pump will not 
be able to start when the pressurized air supply is re- 
established. In order to overcome the above problem, 
pressurized air is supplied to the first chamber 107a 
of the pilot valve 100 through a "kick-start" valve 120. 
The valve 120 comprises a valve element 121 which 
is arranged to engage with a valve seat 122 and in- 
corporates a manual control button 123 such that 
manual movement of the button 123 moves the valve 
element 121 away from the valve seat 122, so that 
pressurized air is supplied to the first chamber 107a 
of the pilot valve 100, resulting in the shuttle 103 being 
moved towards the right as shown in Figure 6. It will 
be understood that, as the first chamber 107a of the 
pilot valve 1 00 is vented through pipe 114 and the cen- 
tre chamber 95b of the drive housing 91 at the time of 
operating the control button 123, it may be necessary 
to ensure some restriction in the pipe 114 in order to 
permit the pressure to rise sufficiently to cause the 
shuttle 103 to move towards the right. 

On removal of the manual loading from the con- 
trol button 123, the valve element 121 is pushed into 
the valve seat 122 by the pressurized air. It will be un- 
derstood that the device will also operate with the 
valve 120 alternatively connected to the fifth chamber 
107e of the pilot valve 100. 

Once the shuttle 103 has been moved towards 
the right, normal operation of the diaphragm pump will 
commence following the above described cycle. 

The valve 120 shown in Figure 6 is also arranged 
to operate automatically when the pump is first start- 
ed after its pressure source has been shut down. The 
valve 120 includes a spring 124 arranged to urge the 
valve element 121 away from the valve seat 122. Un- 
der normal operation, the pressure of the air being 
supplied to the valve is sufficient to drive the valve 
element 121 into the seat 122 against the force of the 
spring 124. However, when there is no air pressure 
supply, the pressure in the supply line is atmospheric 
pressure, and the spring 124 is able to open the valve 
120. Thus when the air pressure supply compressor 
is switched on, or pressurized air supplied to the sys- 
tem through some other means, pressurized air is 
supplied to the first chamber 107a of the pilot valve 
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1 00 through the open valve 1 20 causing the shuttle to 
move towards the right as shown in Figure 6, and the 
pump starts to operate. Pressurized air continues to 
be supplied to the first chamber 107a until the pres- 
sure of the air in the valve 120 is great enough to over- 
come the force provided by the spring 124, and the 
close valve 120. 

When the pump is operating to transfer paint from 
one location to another, rather than being used to sup- 
ply paint to a paint spraying system, the pump prefer- 
ably operates as quickly as possible, and so the air 
pressure supplied to the pilot valve 100 and hence to 
the pressure chambers 45 of the pump is preferably 
as large as possible. However, where the paint is be- 
ing supplied to a spraying system, the paint is often 
required at a relatively low pressure, for example 10 
psi. The shuttle 103 may not operate reliably at such 
low pressures thus prejudicing the operation of the 
pump. 

In order to overcome this problem, a pressure 
regulator 130 is provided in the air supply line 108 to 
the pilot valve 100 to control the pressure of the air 
supplied to the pump pressure chambers 45 by way 
of the pilot valve 100, so that the pressure in the pump 
chambers can be reduced while the pressure of the air 
supplied to the valve 120 and to the first and third 
chambers 95a, 95b of the body 91 remains at the sup- 
ply pressure. 

The pressure regulator 130 is arranged so that 
the air pressure supplied to the pressure chambers 45 
can be accurately adjusted and maintained so as to 
produce the optimum paint pressure for the paint 
spraying system. 

In the description of the embodiment shown in 
Figure 6, the element 94 of the pump has been refer- 
red to as a piston. It will be understood that, as the 
chambers 95a, 95b, and 95c are of constant volume, 
the element 94 does not provide drive, the term piston 
being used in conformity with the descriptions of the 
other embodiments. 

Each of the above described diaphragm pumps 
includes a pair of pump chambers, the diaphragms of 
which are mechanically coupled by a common piston, 
the operation of the pump chambers being 180° out 
of phase. In such pumps, it is possible to overcome 
the above mentioned stall and pressure fluctuation 
problems by providing a bleed path between the pump 
chambers of the diaphragm pump rather than provid- 
ing a bleed path from the pump chamber to the inlet 
side of the inlet valve. 

Such a bleed path may be provided by a restricted 
bore extending through the length of the piston and 
communicating with both of the pump chambers. It will 
be understood that the provision of such a bore 
through the piston will reduce both the pressure surge 
and the stall problems by bleeding fluid from one 
pumping chamber performing a pumping stroke to the 
other chamber performing its return stroke. 



However, it is preferred to provide the bleed path 
by incorporating grooves in the valve seat of the outlet 
valve rather than in the valve seat of the inlet valve. 
The outlet valve, in this case, is identical to the inlet 
5 valve described above with reference to Figures 2, 3 
and 4, and so will not be further described, the inlet 
valve of such a pump being devoid of grooves. The 
outlet valves of the two pumping chambers communi- 
cate with a common outlet line and in normal opera- 
10 tion liquid enters a pump chamber through the respec- 
tive inlet valve when the piston and diaphragm are 
moved in such a manner as to increase the volume of 
the pump chamber. Since the two pumping chambers 
are operated 180° out of phase, it will be understood 
15 that as liquid enters one pump chamber, liquid is 
pumped out of the other pump chamber. Thus the 
bleed at the outlet valves of the chambers enables 
pressure in the outlet line to bleed into the filling 
chamber whereby a pressure surge or pulse in the 
20 outlet line caused by liquid being expelled from one of 
the pump chambers is partly absorbed by bleeding 
into the other pump chamber which is filling. 

When the demand system receiving paint from 
the common outlet line is not operating, the pressure 
25 in the output line increases and would in most known 
diaphragm pumps result in a stall when the pressure 
balances the force generating the pumping action. 
However, since the two pump chambers share a com- 
mon output line, and since the outlet valves are both 
30 provided with bleed means allowing liquid to pass 
from the output line to the pump chambers, the pres- 
sure increase caused by liquid being expelled from 
one of the pump chambers is balanced by liquid being 
able to enter the other pump chamber through the 
35 bleed means, so that the pump continues to operate 
at a slow cycle speed irrespective of the lack of de- 
mand; paint in effect being "shuttled" back and forth 
between the pumping chambers. 

A further advantage of providing a bleed path 
40 through the outlet valve rather than through the inlet 
valve is that priming of the system is not adversely af- 
fected. Where the bleed path is provided through the 
inlet valve, there is a tendency for air bubbles in the 
inlet system during priming to remain in the system so 
45 preventing priming and normal operation, due to the 
back flow of liquid in the inlet pipe caused by liquid 
flowing through the bleed means. However, where the 
bleed means is provided in the outlet valve, there is 
no back flow of liquid in the inlet pipe, and any air bub- 
so bles entering the inlet system are purged by being 
drawn through the pumping system. 

An external bleed path linking the pumping cham- 
bers and not involving the outlet valves could be pro- 
vided if desired. 

55 
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Claims 

1. A diaphragm pump comprising a pump chamber 
(15) one wall of which includes a movable dia- 
phragm (14), inlet and outlet passages (16, 18) 5 
communicating with the pump chamber (1 5) for 
conveying liquid to and from the chamber (15) 

and incorporating respective non-return means 
(17, 19) and characterized by a bleed system (66) 
communicating with the pump chamber (15). 10 

2. A diaphragm pump as claimed in Claim 1 charac- 
terized in that the bleed system (66) provides a 
path for a controlled bleed of liquid from the pump 
chamber (15). 15 




820 A2 16 

prises a valve element (64) engagable with a 
valve seat (63) to prevent return flow through the 
non-return means (17, 19) and said bleed system 
includes one or more grooves (66) in said seat 
(63) to provide a bleed path past said valve ele- 
ment (64). 

10. A diaphragm pump as claimed in any one of 
Claims 6 to 9 characterized in that the means for 
moving the diaphragms (14) rigidly interconnects 
the diaphragms (14). 



3. A diaphragm pump as claimed in Claim 2 charac- 
terized in that said bleed system (66) provides a 
path from the pump chamber side of the inlet non- 
return means (17) to the inlet side of the inlet non- 20 
return means (17). 

4. A diaphragm pump as claimed in Claim 2 or Claim 
3 characterized in that said bleed system (66) 
provides a bleed path through said inlet non-re- 25 
turn means (17) in the non-return direction. 

5. A diaphragm pump as claimed in Claim 1 or Claim 
2 characterized in that said bleed path is external 

of said non-return means (17, 19). 30 

6. A diaphragm pump as claimed in Claim 1 charac- 
terized by a second pump chamber (15) one wall 
of which includes a movable diaphragm (14), 
means for moving the diaphragms such that, in 35 
use, the diaphragms are 180° out of phase, inlet 

and outlet passages (16, 18) communicating with 
the second pump chamber (15) for conveying liq- 
uid to and from the chamber (15) and incorporat- 
ing respective non-return means (17, 19), and 40 
wherein said bleed system (66) provides a path 
for a bleed of liquid between said pump chambers 
(15). 

7. A diaphragm pump as claimed in Claim 6 charac- 45 
terized in that said bleed system (66) provides a 
bleed path from the outlet side of each outlet non- 
return means (19) to the pump chamber side 
thereof. 

50 

8. A diaphragm pump as claimed in Claim 6 or 7 
characterized in that the bleed path passes 
through each outlet non-return means (19) in the 
non-return direction. 

55 

9. A diaphragm pump as claimed in any one of the 
preceding claims characterized in that one of said 
inlet and outlet non-return means (17, 19) com- 
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(54) Diaphragm pump. 

@ A diaphragm pump comprising a pump cham- 
ber (15) one wall of which includes a movable 
diaphragm (14), inlet and outlet passages (16, 
18) communicating with the pump chamber (15) 
for conveying liquid to and from the chamber 
(15) and incorporating respective non-return 
means (17, 19) and a bleed system (66). 
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